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ABSTRACT 
 
Although energy consumption contributes immensely to productivity and economic 
growth,   manufacturing sector in Sub-Sahara African (SSA) countries is among the 
least in terms of energy utilization.  The objectives of this study are to investigate the 
effect of energy consumption on manufacturing performance in SSA  within panel of 
nine SSA countries from 1995 to 2012, to examine the effect of energy consumption 
on manufacturing performance for SSA within the time series analysis for the period 
1980-2012, to examine the effect of energy consumption on manufacturing 
performance across income group in SSA using panel analysis and to examine  
causal relationship between energy consumption and manufacturing performance in  
SSA.  For time series analysis, the study employed Autoregressive Distributive Lag 
(ARDL) method and Granger-causality test. The result proves cointegration and 
positive effect of energy consumption on manufacturing performance, but no 
causality relationship between them. For panel analysis, the study utilized Pedroni 
panel cointegration, Fully Modified Ordinary Least Square (FMOLS) and Granger-
causality test. The result of Pedroni panel cointegration proves the evidence of 
cointegration among the variables. In addition, the long run coefficients suggest that 
energy consumption, electricity, fossil energy, capital and labour determine the 
performance of manufacturing sector. Similarly, the results of Granger-causality test 
discover bidirectional causality for aggregate energy model, no causality for 
electricity model and unidirectional causality from manufacturing performance to 
fossil consumption in SSA. Also, evidence of bidirectional among the energy 
consumption and manufacturing performance is established for the low-income SSA 
as the unidirectional causality from manufacturing performance to energy 
consumption was maintained for the middle-income SSA. In the context of policy 
implication, the study recommends the implementation of subsidy policies that 
would enhance energy consumption as energy conservation policy may adversely 
affect manufacturing performance. 
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ABSTRAK 
 
Meskipun penggunaan tenaga menyumbang kepada produktiviti dan pertumbuhan 
ekonomi, namun sektor pembuatan di negara Sub-Sahara Afrika (SSA) adalah 
kurang menggunakan tenaga. Objektif kajian ini adalah untuk mengkaji kesan 
penggunaan tenaga ke atas prestasi sektor pembuatan di SSA dengan menggunakan 
data panel penggunaan tenaga agregat dan tidak agregat bagi sembilan buah negara 
SSA dari tahun 1995 – 2012, mengkaji kesan penggunaan tenaga ke atas prestasi 
sektor pembuatan menggunakan data siri masa keseluruhan negara SSA bagi tempoh 
1980 – 2012, mengkaji kesan penggunaan tenaga kepada prestasi sektor pembuatan 
ke atas negara-negara SSAberpendapatan rendah dan sederhana, dan mengkaji 
hubungan sebab-akibat antara penggunaan tenaga dan prestasi sektor pembuatan di 
negara-negara SSA. Bagi analisis siri masa, kajian ini menggunakan kaedah Lat 
Tertabur Autoregresif (ARDL) dan ujian Granger-sebab dan akibat. Keputusan 
analisis kointegrasimembuktikan wujud kesan positif penggunaan tenaga ke atas 
prestasi sektor pembuatan tetapi tiada hubungan sebab-akibat antara kedua-duanya.   
Bagi analisis panel, kajian ini menggunakan Kointegrasi panel Pedroni, Fully 
Modified Ordinary Least Square (FMOLS) dan ujian Granger-sebab dan akibat.  
Keputusan analisis kointegrasi panel Pedroni membuktikan wujud hubungan jangka 
panjang antara penggunaan tenaga ke atas prestasi sektor pembuatan. Di samping itu, 
koefisien jangka panjang yangdianggar menggunakan FMOLS mencadangkan  
penggunaan tenaga, elektrik, tenaga fosil, modal dan buruh menentukan prestasi 
sektor pembuatan.  Analisis Granger-sebab dan akibatmembuktikan wujudhubungan 
sebab-akibat dua hala antara penggunaan tenaga agregat dan prestasi sektor 
pembuatan, tiada hubungan sebab-akibat antara penggunaan elektrik dan prestasi 
sektor pembuatan serta hubungan sebab-akibat sehala daripada prestasi sektor 
pembuatan kepada penggunaan tenaga fosil di negara SSA.Selain itu, hubungan 
sebab-akibat dua hala antara penggunaan tenaga dan prestasi sektor pembuatan 
wujud di SSA berpendapatan rendah tetapisehaladi SSA berpendapatan sederhana. 
Dalam kontek perlaksanaan dasar, kajian ini mencadangkan perlaksanaan dasar 
subsidi tenaga bagi meningkatkan penggunaan tenaga kerana dasar pemuliharaan 
tenaga menyebabkan kesan sebaliknya ke atas prestasi sektor pembuatan. 
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CHAPTER ONE 
INTRODUCTION 
1.1 Introduction 
This chapter is made up of eight sections, which introduces the entire research. In 
such terrain, section 1.2 discussed the background of this study, while section 1.3 
consists of the problem statement. Next is section 1.4 that provides the research 
questions, which are transformed into the objectives of the study in Section 1.5. 
Section 1.6 provides the significance of the study. Scopes of the study are contained 
in Section 1.7. Section 1.8 provides the organization of chapters for the entire 
research and finally Section 1.9 offers the conclusion of the chapter. 
1.2 An Overview of Energy Resources and Manufacturing Sector Performance  
 in Sub-Sahara Africa 
Sub-Sahara African (SSA) countries have remains backward continent in energy 
productions and usage. Indeed, even with the enormous deposit of primary energy 
resources across the region, SSA countries are still among the slightest as far as 
energy utilisation. Taking the instances of electricity consumption, International 
Energy Agency, IEA (2014) established that about 620 million people in SSA have 
no access to electricity, and for those that even do have, the supply is often 
unreliable, insufficient and among the most costly in the world. Besides this, around 
730 million people in the region rely on solid biomass for cooking. This can be 
justified by the IEA (2014) projection that about one billion individuals will still, in 
any case, need access to electricity in the world, and SSA will account for about 645 
million people of the total by 2030. In Like manner, 2.5 billion individuals will need 
The contents of 
the thesis is for 
internal user 
only 
146 
 
REFERENCES 
Acaravci, A., & Ozturk, I. (2010). On the relationship between energy 
consumption, CO 2 emissions and economic growth in Europe. Energy, 
35(12), 5412-5420. 
Acharya, V. V., Lochstoer, L. A., & Ramadorai, T. (2013). Limits to arbitrage 
and hedging: Evidence from commodity markets. Journal of Financial 
Economics, 109(2), 441-465. 
Agénor, P. R. (2004). The Economics of Adjustment and Growth. La Editorial, 
UPR. 
Ahmed, M., & Azam, M. (2016). Causal nexus between energy consumption and 
economic growth for high, middle and low income countries using 
frequency domain analysis. Renewable and Sustainable Energy Reviews, 60, 
653-678. 
Ahmed, M., Riaz, K., Khan, A. M., & Bibi, S. (2015). Energy consumption–
economic growth nexus for Pakistan: Taming the untamed. Renewable and 
Sustainable Energy Reviews, 52, 890-896. 
Akinlo, A. E. (2008). Energy consumption and economic growth: Evidence from 
11 Sub-Sahara African countries. Energy Economics, 30(5), 2391-2400. 
Al-Iriani, M. A. (2006). Energy–GDP relationship revisited: An example from 
GCC countries using panel causality. Energy Policy, 34(17), 3342-3350. 
Al-Mulali, U., & Ozturk, I. (2014). Are energy conservation policies effective 
without harming economic growth in the Gulf Cooperation Council 
countries?.Renewable and Sustainable Energy Reviews, 38, 639-650. 
 147 
 
Al-Mulali, U., & Sab, C. N. B. C. (2012). The impact of energy consumption and 
CO 2 emission on the economic growth and financial development in the 
Sub Saharan African countries. Energy, 39(1), 180-186. 
Alper, A., & Oguz, O. (2016). The role of renewable energy consumption in 
economic growth: Evidence from asymmetric causality. Renewable and 
Sustainable Energy Reviews, 60, 953-959.  
Alshehry, A. S., & Belloumi, M. (2015). Energy consumption, carbon dioxide 
emissions and economic growth: The case of Saudi Arabia. Renewable and 
Sustainable Energy Reviews, 41, 237-247. 
Amusa, K., & Leshoro, T. L. (2013). The relationship between electricity 
consumption and economic growth in Botswana. Corporate ownership & 
control, 10(4), 401-406. 
Apergis, N., & Payne, J. E. (2009). Energy consumption and economic growth in 
Central America: Evidence from a panel cointegration and error correction 
model. Energy Economics, 31(2), 211-216. 
Apergis, N., & Payne, J. E. (2010). Renewable energy consumption and 
economic growth: Evidence from a panel of OECD countries. Energy policy, 
38(1), 656-660. 
Asafu-Adjaye, J. (2000). The relationship between energy consumption, energy 
prices and economic growth: Time series evidence from Asian developing 
countries. Energy economics, 22(6), 615-625. 
 148 
 
Aslan, A., Apergis, N., & Yildirim, S. (2014). Causality between energy 
consumption and GDP in the US: Evidence from wavelet analysis. Frontiers 
in Energy, 8(1), 1-8. 
Ayres, R. U. (2001). The minimum complexity of endogenous growth models: 
The role of physical resource flows. Energy, 26(9), 817-838. 
Barro, R. J. (1996). Determinants of economic growth: A cross-country empirical 
study (No. w5698). National Bureau of Economic Research. 
Bartleet, M., & Gounder, R. (2010). Energy consumption and economic growth 
in New Zealand: Results of trivariate and multivariate models. Energy 
Policy, 38(7), 3508-3517. 
Bastola, U., & Sapkota, P. (2015). Relationships among energy consumption, 
pollution emission, and economic growth in Nepal. Energy, 80, 254-262. 
Beaudreau, B. C. (1995). The impact of electric power on productivity: A study 
of US manufacturing 1950–1984. Energy Economics, 17(3), 231-236. 
Beaudreau, B. C. (2005). Engineering and economic growth. Structural change 
and economic dynamics, 16(2), 211-220. 
Belloumi, M. (2009). Energy consumption and GDP in Tunisia: Cointegration 
and causality analysis. Energy policy, 37(7), 2745-2753. 
Belloumi, M. (2009). Energy consumption and GDP in Tunisia: Cointegration and 
causality analysis. Energy policy, 37(7), 2745-2753. 
Berndt, E. R., & Wood, D. O. (1975). Technology, prices, and the derived 
demand for energy. The Review of Economics and Statistics, 57(3), 259-268. 
 149 
 
Berndt, E. R., & Wood, D. O. (1979). Engineering and econometric 
interpretations of energy-capital complementarity. The American Economic 
Review, 69(3), 342-354. 
Bloch, H., Rafiq, S., & Salim, R. (2015). Economic growth with coal, oil and 
renewable energy consumption in China: Prospects for fuel 
substitution.Economic Modelling, 44, 104-115. 
Bowden, N., & Payne, J. E. (2009). The causal relationship between US energy 
consumption and real output: A disaggregated analysis. Journal of Policy 
Modeling, 31(2), 180-188. 
Breitung, J., (2000) Nonstationary panels, panel cointegration and dynamic 
panels. Adv. Economics, 15, 161–177 
Carrion-i-Silvestre, J. L. (2005). Health care expenditure and GDP: Are they 
broken stationary?. Journal of Health Economics, 24(5), 839-854. 
Chang, T., Fang, W., & Wen, L. F. (2001). Energy consumption, employment, 
output, and temporal causality: Evidence from Taiwan based on cointegration 
and error-correction modelling techniques. Applied Economics, 33(8), 1045-
1056. 
Chen, S. T., Kuo, H. I., & Chen, C. C. (2007). The relationship between GDP 
and electricity consumption in 10 Asian countries. Energy Policy, 35(4), 
2611-2621. 
Choi, I. (2001). Unit root tests for panel data. Journal of International Money 
and Finance, 20(2), 249-272. 
 150 
 
Chontanawat, J., Hunt, L. C., & Pierse, R. (2008). Does energy consumption 
cause economic growth?: Evidence from a systematic study of over 100 
countries. Journal of Policy Modeling, 30(2), 209-220. 
Ciarreta, A., & Zarraga, A. (2010). Economic growth-electricity consumption 
causality in 12 European countries: A dynamic panel data approach. Energy 
Policy, 38(7), 3790-3796. 
Cleveland, C. J. (1992). Energy quality and energy surplus in the extraction of 
fossil fuels in the US. Ecological Economics, 6(2), 139-162. 
Cleveland, C. J., Costanza, R., Hall, C. A., & Kaufman, R. (1984). We approach 
macroeconomics from a thermodynamic perspective that emphasizes the 
production of goods, rather than the neoclassical perspective that emphasizes 
the exchange of goods according to. Science, 225, 890. 
Costanza, R. (1991). Assuring sustainability of ecological economic systems. in 
ecological economics: The science and management of sustainability  515, 
331-343.  
Dagher, L., & Yacoubian, T. (2012). The causal relationship between energy 
consumption and economic growth in Lebanon. Energy policy, 50, 795-801. 
Danmaraya, I. A., & Hassan, S. (2016). Electricity Consumption and 
Manufacturing Sector Productivity in Nigeria: An ARDL-Bounds Testing 
Approach. International Journal of Energy Economics and Policy, 6(2), 
195-201. 
 151 
 
Dergiades, T., Martinopoulos, G., & Tsoulfidis, L. (2013). Energy consumption 
and economic growth: Parametric and non-parametric causality testing for 
the case of Greece. Energy Economics, 36, 686-697. 
Dickey, D. A., & Fuller, W. A. (1979). Distribution of the estimators for 
autoregressive time series with a unit root. Journal of the American 
Statistical Association, 74(366a), 427-431. 
Edame, G. E., & Okoi, O. B. (2015). Energy consumption, institutional quality 
and the performance of the manufacturing sector in Nigeria (1999-2013). 
International Journal of Energy Economics and Policy, 5(3), 801-804. 
Eggoh, J. C., Bangaké, C., & Rault, C. (2011). Energy consumption and 
economic growth revisited in African countries. Energy Policy, 39(11), 
7408-7421. 
Emmanuel, N., Ebi, B.O. (2013). Institutional quality, petroleum resources and 
economic growth: A difference in differences approach using Nigeria, Brazil 
and Canada. International Journal of Humanities and Social Sciences.2(20), 
198-206. 
Engle, R. F., & Granger, C. W. (1987). Co-integration and error correction: 
Representation, estimation, and testing. Econometrica: Journal of the 
Econometric Society, 55(2), 251-276. 
Ewing, B. T., Sari, R., & Soytas, U. (2007). Disaggregate energy consumption 
and industrial output in the United States. Energy Policy, 35(2), 1274-1281. 
Fatai, K., Oxley, L., & Scrimgeour, F. G. (2004). Modelling the causal 
relationship between energy consumption and GDP in New Zealand, 
 152 
 
Australia, India, Indonesia, The Philippines and Thailand. Mathematics and 
Computers in Simulation, 64(3), 431-445. 
Fowowe, B. (2012). Energy consumption and real GDP: Panel co-integration and 
causality tests for sub-Saharan African countries. Journal of Energy in 
Southern Africa, 23(1), 9. 
Fuinhas, J. A., & Marques, A. C. (2012). Energy consumption and economic 
growth nexus in Portugal, Italy, Greece, Spain and Turkey: An ARDL 
bounds test approach (1965–2009). Energy Economics, 34(2), 511-517. 
Gallop, F., & Jorgenson, D. W. (1980). US productivity growth by Industry, 
1947-1973. New developments in productivity measurement and analysis, 
17-136. 
Georgescu-Roegen, N. (1970). The economics of production. The American 
Economic Review, 60(2),1-9. 
Georgescu-Roegen, N. (1977). The steady state and ecological salvation: A 
thermodynamic analysis. BioScience, 27(4), 266-270. 
Georgescu-Roegen, N. (1979). Energy analysis and economic valuation. 
Southern Economic Journal,45(4),  1023-1058. 
Geweke, J., Meese, R., & Dent, W. (1983). Comparing alternative tests of 
causality in temporal systems: Analytic results and experimental evidence. 
Journal of Econometrics, 21(2), 161-194. 
Ghali, K. H., & El-Sakka, M. I. (2004). Energy use and output growth in Canada: 
A multivariate cointegration analysis. Energy Economics, 26(2), 225-238. 
 153 
 
Glasure, Y. U., & Lee, A. R. (1998). Cointegration, error-correction, and the 
relationship between GDP and energy: The case of South Korea and 
Singapore. Resource and Energy Economics, 20(1), 17-25. 
Granger, C. W. (1969). Investigating causal relations by econometric models and 
cross-spectral methods. Econometrica: Journal of the Econometric Society, 
37(3), 424-438. 
Granger, C. W. (1988). Some recent development in a concept of causality. 
Journal of Econometrics, 39(1), 199-211. 
Guilkey, D. K., & Salemi, M. K. (1982). Small sample properties of three tests 
for Granger-causal ordering in a bivariate stochastic system. The Review of 
Economics and Statistics, 60(4), 668-680. 
Hadri, K. (2000). Testing for stationarity in heterogeneous panel data. The 
Econometrics Journal, 3(2) 148-161. 
Hannon, B., & Joyce, J. (1981). Energy and technical progress. Energy, 6(2), 
187-195. 
Harris, R., & Sollis, R. (2003). Applied time series modelling and forecasting. 
Wiley. 
Hassan, S., & Abdullah, H. (2014). Analysis of FDI Inflows into China from 
ASEAN-5 Countries: A panel cointegration approach. Journal of Economic 
Cooperation & Development, 35(3), 1. 
Ho, C. Y., & Siu, K. W. (2007). A dynamic equilibrium of electricity 
consumption and GDP in Hong Kong: An empirical investigation. Energy 
Policy, 35(4), 2507-2513. 
 154 
 
Houseman, S. (2007). Outsourcing, offshoring and productivity measurement in 
United States manufacturing. International Labour Review, 146(1‐ 2), 61-
80. 
Howarth, R. B., Schipper, L., Duerr, P. A., & Strøm, S. (1991). Manufacturing 
energy use in eight OECD countries: Decomposing the impacts of changes 
in output, industry structure and energy intensity. Energy Economics, 13(2), 
135-142. 
Huang, B. N., Hwang, M. J., & Yang, C. W. (2008). Causal relationship between 
energy consumption and GDP growth revisited: A dynamic panel data 
approach. Ecological Economics, 67(1), 41-54. 
IEA/WBCSD, 2006a. Energy efficient technologies and CO2 reduction 
potentials in the pulp and paper industry. Proceedings of a Workshop, 9 
October 2006. IEA, Paris. 
http://www.iea.org/Textbase/work/2006/pulppaper/ proceedings.pdf 
Im, K. S., Pesaran, M. H., & Shin, Y. (2003). Testing for unit roots in 
heterogeneous panels. Journal of Econometrics, 115(1), 53-74. 
International Energy Agency (2005). Product data, International Energy Agency 
(IEA). IEA Statistics, Paris, France. Available from 
www.iea.org/Textbase/stats/ index.asp 
International Energy Agency IEA (2014) http://www.iea.org/books. 
Islam, F., Shahbaz, M., Ahmed, A. U., & Alam, M. M. (2013). Financial 
development and energy consumption nexus in Malaysia: A multivariate 
time series analysis. Economic Modelling, 30, 435-441. 
 155 
 
Iyke, B. N. (2015). Electricity consumption and economic growth in Nigeria: A 
revisit of the energy-growth debate. Energy Economics, 51, 166-176. 
Iyke, B. N., & Odhiambo, N. M. (2014). The Dynamic Causal Relationship 
between Electricity Consumption and Economic Growth in Ghana: A 
Trivariate Causality Model. Managing Global Transitions, 12(2 (Summer)), 
141-160. 
Jafari, Y., Othman, J., & Nor, A. H. S. M. (2012). Energy consumption, 
economic growth and environmental pollutants in Indonesia. Journal of 
Policy Modeling, 34(6), 879-889. 
Jammazi, R., & Aloui, C. (2015). On the interplay between energy consumption, 
economic growth and CO 2 emission nexus in the GCC countries: A 
comparative analysis through wavelet approaches. Renewable and 
Sustainable Energy Reviews, 51, 1737-1751. 
Jorgenson, D. W. (1984). Econometric methods for modeling producer behavior. 
Harvard Institute for Economic Research. 
Jumbe, C. B. (2004). Cointegration and causality between electricity 
consumption and GDP: Empirical evidence from Malawi. Energy 
Economics, 26(1), 61-68. 
Karanfil, F. (2008). Energy consumption and economic growth revisited: Does 
the size of unrecorded economy matter?. Energy Policy, 36(8), 3029-3035. 
Kasman, A., & Duman, Y. S. (2015). CO2 emissions, economic growth, energy 
consumption, trade and urbanization in new EU member and candidate 
countries: A panel data analysis. Economic Modelling, 44, 97-103. 
 156 
 
Katafono, R. (2000). The relationship between monetary aggregates, inflation 
and output in Fiji. Economics Department, Reserve Bank of Fiji. 
Kaufmann, R. K. (1992). A biophysical analysis of the energy/real GDP ratio: 
Implications for substitution and technical change. Ecological Economics, 
6(1), 35-56. 
Kebede, E., Kagochi, J., & Jolly, C. M. (2010). Energy consumption and 
economic development in Sub-Sahara Africa. Energy economics, 32(3), 532-
537. 
Kraft, J., & Kraft, A. (1978). Relationship between energy and GNP. Energy 
Development;(United States), 3(2). 
Kumar, R. R., & Kumar, R. (2013). Effects of energy consumption on per worker 
output: A study of Kenya and South Africa. Energy Policy, 62, 1187-1193. 
Kümmel, R., Lindenberger, D., & Eichhorn, W. (2000). The productive power of 
energy and economic evolution. Indian Journal of Applied Economics, 8(2), 
1-26. 
Lawrence, P. (2005). Explaining Sub-Saharan Africa's manufacturing 
performance. Development and Change, 36(6), 1121-1141. 
Lee, C. C. (2005). Energy consumption and GDP in developing countries: A 
cointegrated panel analysis. Energy Economics, 27(3), 415-427. 
Lee, C. C., & Chang, C. P. (2007). Energy consumption and GDP revisited: A 
panel analysis of developed and developing countries. Energy Economics, 
29(6), 1206-1223. 
 157 
 
Lee, C. C., & Chang, C. P. (2008). Energy consumption and economic growth in 
Asian economies: A more comprehensive analysis using panel data. 
Resource and Energy Economics, 30(1), 50-65. 
Levin, A., Lin, C. F., & Chu, C. S. J. (2002). Unit root tests in panel data: 
Asymptotic and finite-sample properties. Journal of Econometrics, 108(1), 
1-24. 
Liew, P. Y., Alwi, S. R. W., Varbanov, P. S., Manan, Z. A., & Klemeš, J. J. 
(2012). A numerical technique for total site sensitivity analysis. Applied 
Thermal Engineering, 40, 397-408. 
Lotfalipour, M. R., Falahi, M. A., & Ashena, M. (2010). Economic growth, CO 2 
emissions, and fossil fuels consumption in Iran. Energy, 35(12), 5115-5120. 
Lucas, R. E. (1988). On the mechanics of economic development. Journal of 
Monetary Economics, 22(1), 3-42. 
Maddala, G. S., & Kim, I. M. (1998). Unit roots, cointegration, and structural 
change (No. 4). Cambridge University Press. 
Mahadevan, R., & Asafu-Adjaye, J. (2007). Energy consumption, economic 
growth and prices: A reassessment using panel VECM for developed and 
developing countries. Energy Policy, 35(4), 2481-2490. 
Masih, A. M., & Masih, R. (1996). Energy consumption, real income and 
temporal causality: Results from a multi-country study based on 
cointegration and error-correction modelling techniques. Energy economics, 
18(3), 165-183. 
 158 
 
Masih, A. M., & Masih, R. (1997). On the temporal causal relationship between 
energy consumption, real income, and prices: Some new evidence from 
Asian-energy dependent NICs based on a multivariate cointegration/vector 
error-correction approach. Journal of policy modeling, 19(4), 417-440. 
Mehrara, M. (2007). Energy Consumption and Economic Growth: The case of 
Oil Exporting Countries. Energy policy, 35(5), 2939-2945. 
Menyah, K., & Wolde-Rufael, Y. (2010). Energy consumption, pollutant 
emissions and economic growth in South Africa. Energy Economics, 32(6), 
1374-1382. 
Mohammed, Y. S., Mustafa, M. W., & Bashir, N. (2013). Status of renewable 
energy consumption and developmental challenges in Sub-Sahara Africa. 
Renewable and Sustainable Energy Reviews, 27, 453-463. 
Mozumder, P., & Marathe, A. (2007). Causality relationship between electricity 
consumption and GDP in Bangladesh. Energy policy, 35(1), 395-402. 
Murray, D. A., & Nan, G. D. (1996). A definition of the gross domestic product-
electrification interrelationship. Journal of Energy and Development , 19 , 
275–287 
Narayan, P. K., & Prasad, A. (2008). Electricity consumption–real GDP causality 
nexus: Evidence from a bootstrapped causality test for 30 OECD countries. 
Energy Policy, 36(2), 910-918. 
Narayan, P. K., & Singh, B. (2007). The electricity consumption and GDP nexus 
for the Fiji Islands. Energy Economics, 29(6), 1141-1150. 
 159 
 
Narayan, P. K., & Smyth, R. (2005). Electricity consumption, employment and 
real income in Australia evidence from multivariate Granger causality tests. 
Energy Policy, 33(9), 1109-1116. 
Narayan, P. K., & Smyth, R. (2008). Energy consumption and real GDP in G7 
countries: New evidence from panel cointegration with structural breaks. 
Energy Economics, 30(5), 2331-2341. 
Narayan, P. K., & Smyth, R. (2009). Multivariate Granger causality between 
electricity consumption, exports and GDP: Evidence from a panel of Middle 
Eastern countries. Energy Policy, 37(1), 229-236. 
Narayan, P. K., Smyth, R., & Prasad, A. (2007). Electricity consumption in G7 
countries: A panel cointegration analysis of residential demand elasticities. 
Energy Policy, 35(9), 4485-4494. 
Narayan, S. (2016). Predictability within the energy consumption–economic 
growth nexus: Some evidence from income and regional groups. Economic 
Modelling, 54, 515-521. 
Nnaji, C. E., Chukwu, J. O., & Nnaji, M. (2013). Electricity Supply, Fossil fuel 
Consumption, Co2 Emissions and Economic Growth: Implications and 
Policy Options for Sustainable Development in Nigeria. International 
Journal of Energy Economics and Policy, 3(3), 262. 
Odhiambo, N. M. (2004). Is financial development still a spur to economic 
growth? A causal evidence from South Africa. Savings and Development, 
28(1),  47-62. 
 160 
 
Odhiambo, N. M. (2009). Electricity consumption and economic growth in South 
Africa: A trivariate causality test. Energy Economics, 31(5), 635-640. 
Odhiambo, N. M. (2009). Energy Consumption and Economic Growth nexus in 
Tanzania: An ARDL Bounds Testing Approach. Energy Policy, 37(2), 617-
622. 
Odhiambo, N. M. (2010). Energy consumption, prices and economic growth in 
three SSA countries: A comparative study. Energy Policy, 38(5), 2463-2469. 
Odhiambo, N. M. (2014). Energy dependence in developing countries: Does the 
level of income matter?. Atlantic Economic Journal, 42(1), 65-77. 
Oh, W., & Lee, K. (2004). Causal relationship between energy consumption and 
GDP revisited: The case of Korea 1970–1999. Energy economics, 26(1), 51-
59. 
Oh, W., & Lee, K. (2004). Energy consumption and economic growth in Korea: 
Testing the causality relation. Journal of Policy Modeling, 26(8), 973-981. 
Okoh, A. S., & Ebi, B. O. (2013). Infrastructure investment, institutional quality, 
and economic growth in Nigeria: An interactive approach. European 
Journal of Humanities and Social Sciences Vol, 26(1),1343-1358 
Ologunla, S. E., Kareem, R. O., & Raheem, K. A. (2014). Institutions and the 
Resource Curse in Nigeria. Journal of Sustainable Development Studies, 
7(1), 36-51 
Olumuyiwa, S. (2008). Why Africa lags behind in the energy sector. Energy 
Poverty in Africa, 169. 
 161 
 
Ou, X., Xiaoyu, Y., & Zhang, X. (2011). Life-cycle energy consumption and 
greenhouse gas emissions for electricity generation and supply in 
China.Applied Energy, 88(1), 289-297. 
Ouedraogo, B. I., Levermore, G. J., & Parkinson, J. B. (2012). Future energy 
demand for public buildings in the context of climate change for Burkina 
Faso. Building and Environment, 49, 270-282. 
Ouédraogo, I. M. (2010). Electricity consumption and economic growth in 
Burkina Faso: A cointegration analysis. Energy Economics, 32(3), 524-531. 
Ouedraogo, N. S. (2013). Energy consumption and economic growth: Evidence 
from the Economic Community of West African States (ECOWAS). Energy 
Economics, 36, 637-647. 
Ozkan, B., Akcaoz, H., & Fert, C. (2004). Energy Input–output Analysis in 
Turkish Agriculture. Renewable energy, 29(1), 39-51. 
Ozturk, I. (2010). A literature survey on energy–growth nexus. Energy policy, 
38(1), 340-349. 
Ozturk, I., & Acaravci, A. (2010). CO 2 emissions, energy consumption and 
economic growth in Turkey. Renewable and Sustainable Energy Reviews, 
14(9), 3220-3225. 
Ozturk, I., & Acaravci, A. (2010). The causal relationship between energy 
consumption and GDP in Albania, Bulgaria, Hungary and Romania: 
Evidence from ARDL bound testing approach. Applied Energy, 87(6), 1938-
1943. 
 162 
 
Ozturk, I., & Acaravci, A. (2011). Electricity consumption and real GDP 
causality nexus: Evidence from ARDL bounds testing approach for 11 
MENA countries. Applied Energy, 88(8), 2885-2892. 
Ozturk, I., & Al-Mulali, U. (2015). Investigating the validity of the 
environmental Kuznets curve hypothesis in Cambodia. Ecological 
Indicators,57, 324-330. 
Pao, H. T., & Tsai, C. M. (2010). CO 2 emissions, energy consumption and 
economic growth in BRIC countries. Energy policy, 38(12), 7850-7860. 
Paul, S., & Bhattacharya, R. N. (2004). Causality between energy consumption 
and economic growth in India: A note on conflicting results. Energy 
Economics, 26(6), 977-983. 
Payne, J. E. (2009). On the dynamics of energy consumption and output in the 
US. Applied Energy, 86(4), 575-577. 
Payne, J. E. (2011). On biomass energy consumption and real output in the US. 
Energy Sources, Part B: Economics, Planning, and Policy, 6(1), 47-52. 
Payne, J. E. (2011). US disaggregate fossil fuel consumption and real GDP: An 
empirical note. Energy Sources, Part B: Economics, Planning, and Policy, 
6(1), 63-68. 
Pedroni, P. (1996). Fully modified OLS for heterogeneous cointegrated panels 
and the case of purchasing power parity. Documento de Trabalho. 
Pedroni, P. (1999). Critical values for cointegration tests in heterogeneous panels 
with multiple regressors. Oxford Bulletin of Economics and statistics, 
61(S1), 653-670. 
 163 
 
Pedroni, P. (2000). Fully modified OLS for heterogeneous cointegrated panels. 
Pedroni, P. (2004). Panel cointegration: asymptotic and finite sample properties 
of pooled time series tests with an application to the PPP hypothesis. 
Econometric theory, 20(03), 597-625. 
Pesaran, M. H., Shin, Y., & Smith, R. J. (2001). Bounds testing approaches to the 
analysis of level relationships. Journal of applied econometrics, 16(3), 289-
326. 
Pesaran, M. H., Shin, Y., & Smith, R. P. (1999). Pooled mean group estimation 
of dynamic heterogeneous panels. Journal of the American Statistical 
Association, 94(446), 621-634. 
Pesaran, M. H., Shin, Y., & Smith, R. P. (1999). Pooled mean group estimation 
of dynamic heterogeneous panels. Journal of the American Statistical 
Association, 94(446), 621-634. 
Phillips, P. C., & Hansen, B. E. (1990). Statistical inference in instrumental 
variables regression with I (1) processes. The Review of Economic 
Studies,57(1), 99-125. 
Phillips, P. C., & Perron, P. (1988). Testing for a unit root in time series 
regression. Biometrika, 75(2), 335-346. 
Pokrovski, V. N. (2003). Energy in the theory of production. Energy, 28(8), 769-
788. 
Rahman, M. S., Junsheng, H., Shahari, F., Aslam, M., Masud, M. M., Banna, H., 
& Liya, M. (2015). Long-run relationship between sectoral productivity and 
 164 
 
energy consumption in Malaysia: An aggregated and disaggregated 
viewpoint. Energy, 86, 436-445. 
Rautenstrauch, W. (1939). The role of organization in attaining optimum 
productivity. Synthese, 4(1), 205-217. 
Romer, P. M. (1986). Increasing returns and long-run growth. The Journal of 
Political Economy, 1002-1037. 
Sadorsky, P. (2012). Correlations and volatility spillovers between oil prices and 
the stock prices of clean energy and technology companies. Energy 
Economics, 34(1), 248-255. 
Sarantis, N., & Stewart, C. (1999). Is the consumption–income ratio stationary? 
Evidence from panel unit root tests. Economics Letters, 64(3), 309-314. 
Sari, R., & Soytas, U. (2007). The growth of income and energy consumption in 
six developing countries. Energy Policy, 35(2), 889-898. 
Sari, R., Ewing, B. T., & Soytas, U. (2008). The relationship between 
disaggregate energy consumption and industrial production in the United 
States: An ARDL approach. Energy Economics, 30(5), 2302-2313. 
Schurr, S. H. (1982). Energy efficiency and productive efficiency: Some 
thoughts based on American experience. The Energy Journal, 3(3), 3-14. 
Schurr, S. H. (1984). Energy use, technological change, and productive 
efficiency: An economic-historical interpretation. Annual Review of Energy, 
9(1), 409-425. 
Scott, H. (1933). Technology smashes the price system. Harpers Magazine, 166, 
129-142. 
 165 
 
Sekaran, U. (2003). Research methods for business: A skill building 
approach. Journal of Education for Business, 68(5), 316-317. 
Shahbaz, M., & Dube, S. (2012). Revisiting the relationship between coal 
consumption and economic growth: Cointegration and causality analysis in 
Pakistan. Applied Econometrics and International Development, 12(1), 1-13. 
Shahbaz, M., & Lean, H. H. (2012). The dynamics of electricity consumption 
and economic growth: A revisit study of their causality in Pakistan. Energy, 
39(1), 146-153. 
Shahbaz, M., Loganathan, N., Zeshan, M., & Zaman, K. (2015). Does renewable 
energy consumption add in economic growth? An application of auto-
regressive distributed lag model in Pakistan. Renewable and Sustainable 
Energy Reviews, 44, 576-585. 
Shahbaz, M., Mutascu, M., & Azim, P. (2013). Environmental Kuznets curve in 
Romania and the role of energy consumption. Renewable and Sustainable 
Energy Reviews, 18, 165-173. 
Śmiech, S., & Papież, M. (2014). Energy consumption and economic growth in 
the light of meeting the targets of energy policy in the EU: The bootstrap 
panel Granger causality approach. Energy Policy, 71, 118-129 
Soddy, F. (1922). The origins of the conceptions of isotopes. Nobel Lecture, 
1922. 
Solarin, S. A., & Ozturk, I. (2016). The relationship between natural gas 
consumption and economic growth in OPEC members. Renewable and 
Sustainable Energy Reviews, 58, 1348-1356. 
 166 
 
Solarin, S. A., & Shahbaz, M. (2013). Trivariate causality between economic 
growth, urbanisation and electricity consumption in Angola: Cointegration 
and causality analysis. Energy Policy, 60, 876-884. 
Solow, R. M. (1956). A contribution to the theory of economic growth. The 
quarterly Journal of Economics, 65-94. 
Soytas, U., & Sari, R. (2003). Energy consumption and GDP: Causality 
relationship in G-7 countries and emerging markets. Energy Economics, 
25(1), 33-37. 
 Soytas, U., & Sari, R. (2006). Energy consumption and income in G-7 countries. 
Journal of Policy Modeling, 28(7), 739-750. 
Soytas, U., & Sari, R. (2007). The relationship between energy and production: 
Evidence from Turkish manufacturing industry. Energy economics, 29(6), 
1151-1165. 
Soytas, U., Sari, R., & Ewing, B. T. (2007). Energy consumption, income, and 
carbon emissions in the United States. Ecological Economics, 62(3), 482-
489. 
Squalli, J. (2007). Electricity consumption and economic growth: Bounds and 
causality analyses of OPEC members. Energy Economics, 29(6), 1192-1205. 
Stern, D. I. (1993). Energy and economic growth in the USA: A multivariate 
approach. Energy Economics, 15(2), 137-150. 
Stern, D. I. (2000). A multivariate cointegration analysis of the role of energy in 
the US macroeconomy. Energy Economics, 22(2), 267-283. 
 167 
 
Stern, D. I. (2011). The role of energy in economic growth. Annals of the New 
York Academy of Sciences, 1219(1), 26-51. 
Stern, D. I., & Cleveland, C. J. (2004). Energy and economic growth. 
Encyclopedia of Energy, 2, 35-51. 
Stern, D. I., & Enflo, K. (2013). Causality between energy and output in the 
long-run. Energy economics, 39, 135-146. 
Sundrum, R. M. (1992). Income distribution in less developed countries. 
Psychology Press. 
Takaendesa, P., & Odhiambo, N. M. (2007). Financial sector development and 
economic growth: An empirical analysis of two Southern African countries. 
Studies in Economics and Econometrics, 31(3), 61-80. 
Tang, C. F. (2008). A re-examination of the relationship between electricity 
consumption and economic growth in Malaysia. Energy Policy, 36(8), 3077-
3085. 
Tang, C. F., & Shahbaz, M. (2013). Sectoral analysis of the causal relationship 
between electricity consumption and real output in Pakistan. Energy Policy, 
60, 885-891. 
Tang, C. F., & Tan, B. W. (2015). The impact of energy consumption, income 
and foreign direct investment on carbon dioxide emissions in Vietnam. 
Energy, 79, 447-454. 
Tang, C. F., & Tan, E. C. (2013). Exploring the nexus of electricity consumption, 
economic growth, energy prices and technology innovation in Malaysia. 
Applied Energy, 104, 297-305. 
 168 
 
Tang, C. F., Tan, B. W., & Ozturk, I. (2016). Energy consumption and economic 
growth in Vietnam. Renewable and Sustainable Energy Reviews, 54, 1506-
1514. 
Thompson, P. (2006). Patent citations and the geography of knowledge 
spillovers: Evidence from inventor-and examiner-added citations. The 
Review of Economics and Statistics, 88(2), 383-388. 
Tsani, S. Z. (2010). Energy consumption and economic growth: A causality 
analysis for Greece. Energy Economics, 32(3), 582-590. 
United Nations Economic Commission for Africa (UNECA), 2007. Energy for 
sustainable development: Policy options for Africa. 
http://uneca.org/eca_resources/Publications/ UNEA-Publication-
toCSD15.pdf 
Valeriani, E., & Peluso, S. (2011). The impact of institutional quality on 
economic growth and development: An empirical study. Journal of 
Knowledge Management, Economics and Information Technology, 1(6), 
274-299. 
Van Hoa, T. (1993). Effects of oil on output growth and inflation in developing 
countries: The case of Thailand from January 1966 to January 1991. 
International Journal of Energy Research, 17(1), 29-33. 
Warr, B., Ayres, R., Eisenmenger, N., Krausmann, F., & Schandl, H. (2010). 
Energy use and economic development: A comparative analysis of useful 
work supply in Austria, Japan, the United Kingdom and the US during 
100years of economic growth. Ecological Economics, 69(10), 1904-1917. 
 169 
 
Wesseh, P. K., & Zoumara, B. (2012). Causal independence between energy 
consumption and economic growth in Liberia: Evidence from a non-
parametric bootstrapped causality test. Energy Policy, 50, 518-527. 
Wolde-Rufael, Y. (2004). Disaggregated industrial energy consumption and 
GDP: The case of Shanghai, 1952–1999. Energy economics, 26(1), 69-75. 
Wolde-Rufael, Y. (2006). Electricity consumption and economic growth: A time 
series experience for 17 African countries. Energy Policy, 34(10), 1106-
1114. 
Wolde-Rufael, Y. (2009). Energy consumption and economic growth: The 
experience of African countries revisited. Energy Economics, 31(2), 217-
224. 
Yang, H. Y. (2000). A note on the causal relationship between energy and GDP 
in Taiwan. Energy economics, 22(3), 309-317. 
Yıldırım, E., Sukruoglu, D., & Aslan, A. (2014). Energy consumption and 
economic growth in the next 11 countries: The bootstrapped autoregressive 
metric causality approach. Energy Economics, 44, 14-21. 
Yu, E. S., & Choi, J. Y. (1985). Causal relationship between energy and GNP: 
An international comparison. J. Energy Dev.;(United States), 10(2). 
Yuan, J. H., Kang, J. G., Zhao, C. H., & Hu, Z. G. (2008). Energy consumption 
and economic growth: evidence from China at both aggregated and 
disaggregated levels. Energy Economics, 30(6), 3077-3094. 
Zamani, M. (2007). Energy consumption and economic activities in Iran. Energy 
Economics, 29(6), 1135-1140. 
 170 
 
Zamani, M. (2012). Evaluating the relationship between the energy consumption 
and the macroeconomic indicators. Research Journal of Environmental and 
Earth Sciences, 4(12), 1025-1032. 
Zhang, X. P., & Cheng, X. M. (2009). Energy consumption, carbon emissions, 
and economic growth in China. Ecological Economics, 68(10), 2706-2712. 
Ziramba, E. (2009). Disaggregate energy consumption and industrial production 
in South Africa. Energy Policy, 37(6), 2214-2220. 
 
